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INCORPORATE THE 4 WHEELS (IN THE TRAILS) CONCEPT
INTO THE LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR

TRADE STUDY - DOLLY VS FIXED WHEELS
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SCOPE AND PURPOSE

Quarterly Program Review and Design Revjew

DATE: Wednesday, October 29, 1986, at ARDEC - 8:30 am - 4:00 pm
REFERENCE: Design information provided informally on October 22,

1986, and quality program plan/test plan and reliability
assessment provided on October 27, 1986

Objectives:

o Review baseline design and critique design and analysis
o Review program schedule and status and identify areas of
concern

List of documents for review:

o Program plan - provided update October 1, 1986

o Quality assurance program plan - provide by October 27, 1986

o] Product assurance test program plan - provide by October
27, 1986

o Layouts of components - provide by October 22, 1986

o Hydraulic functional diagram - provide by October 22, 1986

° Operational procedures - provide by October 22, 1986

Action items will be discussed at the end of each session.
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AGENDA FOR MEETING ON WEDNESDAY, OCTOBER

SF e 5= B

8:30 am Introductions Robert Rathe

za

:35 am Program Status Robert Rathe
Schedule Review

o Financial Status
Problems Requiring Resolution
Future planned effort
Risk Assessment

T

(¥ )

9:00 am Operational Description/Requirement Errol Quick
Stability and Weight Update

Preliminary Design Review with Analvsis Bart Anderson
Jeff Ireland

L=

10:00 am Cannon Assembly and Interface Drawings
Auto Primer
Recoil System Assembly

=
—
(]
(@]
o
5

Cradle Assembly

12:00 noon Lunch

o ok
S

12:30 pm Gimbal
Platform Assembly
Trail Assembly

1:45 pm Fire Control Assembly

o) 2:00 pm Hydraulic System Review
3:30 pm Reliability Assessment Errol Quick
; Quality Program Plan/Test Plan
k;,

3:45 pm Action Items and Wrap-Up Robert Rathe

B

:00 pm Adjourn

-
S
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DATE: Thuraday, January 15, 1987, at ARDEC - 8:30 am - 4:00 pm
REFERENRCE: Analysis summary and information which will be provided

by January 13, 1987. Detailed drawings and layouts - 2
copies to be provided by January 13, 1987

Objectives:

o Review degign details and critique design and analysis

o Review program schedule and status and identify areas of
concern

List of documents for review:
o Program plan - provided update October 1, 1986
) Test plans - provided 8 December 1986

o Detailed drawings and layouts of components - provide by
January 13, 1987

o Hydraulic functional diagram - provide by January 13, 1987

] FEM analysis results with supporting information -~ provide
by January 13, 1987

Action items will be discussed at the end of each session.
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§:30 am

8:35 am

9:00 am
10:00 am
10:45 am

11:15 am

11:30 am
12:00 noon
1:00 am
1:30 pm
2:00 pm
2:30 pm
3:00 pm
3:30 pm
3:45 pm

4:00 pm

4996F

’-‘..‘_.- A PRI Wy S et oy
NI RS 3 A P I VI LIRS

Lo ome S ha . ad i bkl ad ~CW YR Y VA U e v s
Y Cal dae s

Introductions

Program Status -
Schedule Review/Long Lead Item List

Financial Status

Problems Requiring Resolution

Future planned effort

Risk Assessment/Procurement Plans
System Overview and Assembly Procedures
Systems Structural Analysis
Operational Review

Cannon Assembly and Interface Drawings
Auto Primer/Muzzle Brake

Recoil System Assembly and Analysis

Lunch

Cradle Assembly

Gimbal, Platform and Trails
Fire Control Assembly
Hydraulic System Review
Manufacturing Plans

Test Plans - Composites
Action Items and Wrap-Up

Adjourn

PRSI IR
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Robert Rathe

Robert Rathe

Bart Anderson
Larry Libhardt
Scott Dacko

Bart Anderson

Jeff Ireland

Tom Rudolf
Bart Anderson
Scott Dacko
Jeff Ireland
Fred Appleton

Tom Rudolf

Robert Rathe
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The listed personne} visited the fpliowing cosposites sanufacturers, The
primary sotive was to source the critical path cosponents for the LTHD
project titess are cradle and trail assesblies, subcontract value estisates
at $350,000 to $500,000). Mote that this translates into $370 to $325/1ba
(including prototype tooling).

Representing Paid Heath Hitco Ciba- Fiber HNorton-
By Tecma Geigy Tech Thiokol
Bruce lierwick. Adv Techeeocooee O'ME oieee wevee cover ooden aaukens
Jim Mallace.... LTHD (Adv Mfg).. LTHD ..I.. ..I.. ..I.. ..L. ...L..
Dick Lyons..... Purchasing...... 0°Md ..Y1.. ..X.. ..X.o oo oookias
Larry Libhardt. LTHD (Amalysis). LTHD ..I.. ..L. ... ..M. ...l...
Bart Anderson.. LTHD (Design)... LTHD ..I.. ..XL.. ..L. ..X.. ...).

The tentatively agreed to schedule for these parts is shown in Exhibit 1.
Scale sodels will be used (preferred by the coeposite vendors) to sinisize the
cost and tise required to arrive at a sutually agreeable design. Drawings will
nct go beyond the rudisentary level until a sutually agreeable design is
reached (01 Apr).

The characterization satriz for these veadors via qroup consensus

is shown in Exhidbit 2. The weighting satriz and results for
the cradle are shown in Exhibit 3, while that for the trails are shown ia
Exhibit 4. Key characteristics are circled.

These satrices will de used to explain owr logic relative to selecting
coaposites vendors to ARDEC for the LTHD as well as to justify vendor
selection as it relates to cospetitive Didding requiresents.

fdditional detail is, of course, available froa the peeple listed above.

LT Bisk 17, cosptrip, 0ZNar87, 0100.
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Exhibit 2: Basic Characterization Matrix

Characterisitic ¥t'ng MHeath Hitco Ciba- Fiber Norton-
Factr Tecna Geigy Tech Thiokel

Ability to supply parts on tise......... «..10 ....9 .00 iud L 7 LallllB

o »

-
" -
-

Specific Experience Factors
Sisilar parts..............
Structural analysiS.ceecrscacssnsacss cesre sered cuser esves seeel seesseB
Heavily Joaded jointS....cocenecncnes crnee seeed siane ernes eneed oiaedlB
High strain rates......c.ooecevereee vanee soeed wieee vsene sened oiiall?
Hand lay wp..... cecavessrosessessnsse vavee sered ereer sesss sesed vesvesd
..... cosenenaseones veres seosd tiese seser seeeB seeial?

hlﬂn'..............-............... sesossn ll.lo ssese essse noclo n--a..‘

Tot.l-aoucoo-aolltnao-ouioct-n--n---o tesace assee sevee ssnes sesss eescsns

Specific Cost and Tise Factors
Prototype COSt.c.cvverinnussnssernnes seate soser crese seees esess sessess
Potential production cost....ccececee vasss sreer cenre eseee srees sesnese
Struct testing capabilities.......... veeer 2eed0 Liais seed L0ll0 Lllall2
Prodability of del'y on tise...ceevee veeen seeel siiis seil] siiib LaalllB

-
o
1
s
a
2

327

"t.l..lll.ltll.."l!ll'..lll‘l.ll.ll seeae XX XX} "eese aseve sscsses

General Experience Factors
Resin Systems......ccovvrovrerosansaes seosd teval wiers seies eeeed seeeedd
Core systems...coccuverernnnannonnese a0sed wone® toiie diiee eeedd eeneld
Protection against dadage.........ooc 1002 cened siiis neee eeedd Lenell?
Raterial compatidility.covenirnnnness weend wened tiiis tiier eeeed enll?
Nilitary roquiresents..........covnvee weeed ceved thnis soner eeeed Leeedld

L] O U TS [ I | T TTTRTY. | RS | |

General Cost and Tise Factors
Trave) cost & tive from MOD.......... o003 000dd sivir crine ceesS veeneld
Travel cost & tiee from ARDEC........ ..0.5 ....3 .eeov cieee ereed verened
Prototype capacity available.....oooe 00ee2 covel siier veiee seesd Laaalld
Prototype tooling expertise.......... +..e3 ceed® tiair eier seedd el s
Organizational flexibility.....oveeer viedd sine® iiee veine wendd Ll

'“.lll.ll..lll'll.ll.llll."'.ll’ll' .l.lo II'" areese LA RN N ...“ ..l..’o

Sussary
Specific Experionce FaCROPS...ocvener sevee seeer srase cenne avess saseres
Specific Cost and Tise Factors....... covee cevne tieee weree seens crseses
Genera) Experionce Factors.....ccoeve sieen cever sener seser seses seseees
General Cost and Tioe FaCtOrs....cvet vevee eevae sveoe savse erees eesnses

G B =x W M 3%

LTH® Bisk 17, cosptrip, §2Mar®?7, 0100,
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Exhidit 3: Characterization Matrix Applied to Cradle

Characterisitic ¥t'ng Heath Hitco Cida- Fiber Morton-
Factr Tecma Beigy Tech Thiokol

MAbility to supply parts on tise..ouoeeer 0010 Liel® Lil0 Liill LielT ceeellB

Specific Experience Factors
Sisilar partse...vceieccrnnaiannens se seeed ereed ciene veess eeedd Laiill?
Strectural aRalySis.icevescncancccear oened toeed diien eeere aeee? eeellB
Heavily Joaded JOINtS....oovcevcccnns 0oeed soeed sraer eens eeeed senesel

N Migh SLrAin FatES.curvvreeereereenrs seeed eeeed cenne sunee werrk srrsns
:'P'v “‘ l.y ”'.'."....'...l.‘l...'...I '.‘.5 .'..’ LEE NN LEX NN ] ....s ......3
V., Fi." 'iu‘i.".."..l..ll..."....l.. ll‘ls ....‘ ([ E N NN [ EE NN '...' '.l'..'

i
5
K
B

*.'i..l!ll.i.l'l.llllllll -------- soe .usuo ....o ss0es ssesne ....o ..o.l.b

tﬂtll..........n...........-...u... onolo 000‘7 asane XXX X] a:-" 0--..7‘

Specific Cost and Tiee Factors
Prototype €ost.....ccoienniinccncenns o0eed wared siiee ceree enesd cenessd
Potential production €ost....ccoveine oeesd cened aiiie conee sendd eeeees?
Stract testing capabilitios.......... o.ecl c00d® siiie denee ead® leaeel2
Probability of del'y on time..coocine e0eed coeel chiie deene dendd aenenld

5 Bss VM

:‘:
x Tt eueernenrnrnnnreenneeneecneenes ool el veeee cevee o0eST 1eeelSY
t Yy
{
Several Experience Factors

n Resin systess.............. O LT TY. J U e T .9
. Core systess....coicncinnncernccrenns eoesd eees? tiiis canee seedd cenandd
- (- Protection against dasage...... T JETTTTY RENUOUEURURTRON. RN |
2 & Matorial compatibility.ceecrrverrins woned rndd winie venne creed seredd
Rilitary roquireeemts.......ovcoeiier eoeed veee? siner siees eeeed seneel?

"t‘l..l.l.llll.l.!l.ll..l..'l..llol. ...lo ccc’. seces sevse 0"” lll'ln

Seseral Cost and Time Factors
Travel cost & tioe from MOD.......... «.0.3 o0ud coier ceeer wendd LoelllS
Travel cost & tioe from MRDEC........ ..0.3 ....3 covee civen oeeed eneeld
Pratotype capacity available......... ..o coudl siies venen wenid caaeldd
Prototype tecling expevtise.......... ..c.3 oe® siiin ciene wendd Ll B
Organizational flexibility...coocevne veoed voee® tienr vever weadd sainll?

v X 9N

N '".I0'00.000!0.'.00'!9.0.'0t!cllla'l ooclo oon" sssse  seees un'“ ----- 70

Susnary

Specific Experionce Factors.......... ..0.3 ... 47 ..... .oevr o870 M4
— Specific Cost and Time Factors....... ..0.2 ...482 ..... .c.vv o097 .00l BY
Genera) Experionce Facters........... ..0.3 ... 74 .0 iiee o M0 Ll TR
Gonera! Cost and Time Factors........ ..0.2 ...7% ..... .oier M L0070

b

A

"“ '"‘l..'ll.l.llll"ll.'.'..ll.' ll‘lo Olt‘l lllll [N N ] Ill" llll.7‘
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Exhibit 4: Characterization Matrix Applied to Trails

!

Characterisitic Wt'ng Heath Hitco Ciba- Fiber Nortos-
Factr Tecna Geigy Tech Thiokol

Ability to supply parts on tise......... ...10 ....7 ....0 ...l ....7 ....llB

Specific Experience Factors
Similar parts..ccoiecececernrnnciacss oeeed teesd seeee ceenr seesd sereadd
Structural analysis.......... evvassre nensl eesed sieee seens sesed eeeaesB
Heavily loaded jOintS..cc.vvarernsarns veved seied areee caeee 0ened ieiellB
High strain rates........c.ocennee. S N T T T I I TR T YT SR |
Hand 1Y MPivcicccnaonaonncncasnnnnes oeosd aesed winee senes seesd innlld
Fiber winding..ooeesreroresnrncnnnnes eeeel coned civee seeer eeeB Lallll9
L L7 T TITL JETTYY] ZErY g po RPN

fotll-.u-u.u-.u-......u.n-..... -n-1° coc“ (XXX Y] (XXX N -.-‘2 llllo“

Specific Cost and Tise Factors
Prototype cost.cecevcnianonensncnnes seood caeed ceese eriee ceneb veeeddd
Potential production cOSt.....covvvee eeeed 4eidd wiiie ceind wned] saiedl?
Struct testing capabilitios......coeo coeel L0ea0 ciiis aner endl L2
Probability of del'y on time......... +00e soeeB ciier seier eeeed waiilld

P

2 BE B OSE = IR

'“‘ll.llll‘l.lll.lll.llll..ll.ll.ll. ..olo aoun sseae assaee |-¢57 '000-51

General Experience Factors
Regin SYStR®S...cccvcvnicnnonnsnccncnn wonsd wane? treve cnves eeesd 0iedld
Core Systeas.....coovcevennannnnnnces ool saee? cuans ceser eeeed aeseeed
Protection against dasage.........ce. oone sonnT cinis seenn eeedd seeslld
Baterial compatibility...ccovvvcnnnes coeed cond? ciine waiee seedd L9
Nilitary roquirements........coocceeee sueed ceee siene voeer eesal Laiilld

'“.ll.l..ll!l.lll.lll.lll.‘.ll.....' noclo .ll7‘ essse sssss -n-“ 'llli’.

General Cost and Tise Factors
Travel cost & tioe from MOD.......... ..1.3 ....J covee enver eeeed ienl S
Travel cost & time fros MRDEC........ ..0.3 ....3 .ovve veene enend cieeddd
Prototype capacity available...oouvre 0o ooneB siiie ieee aanld LLlllB
Prototype tooling expertisl.....cvccv wened ooed® iiil iiee weedd Ll
Organizational flexibility.c.ooennnn oeeed wodd® winee sriee wiedd Laalll?

-

"t.l-o-ol--o-ot-nnoonclooconllouonoo loolo 1007’ (XX XN] esene 0.-“ ..01070

Suasary
Specific Experionce Factors.......... ..
Specific Cost and Time Factors....... ..
Genera) Experience Facters........... .
General Cost and Tise Facters........ ..0.

W

y PR R TN ¥ PPN 1 |
B I 1 T TT TR T LA 1}
r TS | B O R |
L PPRY & B T TTY | RO | )

*“ 1.'"'!"...Olt.lolll'.IUOIll.. -J-o oou‘l sence (XXX Y] n-o“ -oto'“
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Exhidbit 1: Schedule for Cradle and Trails (critical path coaposite cosponents)

- -

04 Mar Receive bids froa NT1, Heath-Tecna, FiberTech
# 10 Mar Select and notify cosposite vendors
10 Bar to 15 May MOD and cosposites vendor(s) jointly establish design.
;h 1 Mar Cosposite vendor(s) visit MOD to understand application and

analysis. FMC and cosposite vendor(s) to agree upon
analytical approach.

-
oot
“;ga

\ 17 Mar Cosposites vendor to provide design allowables and environsental conditions cospatibility for
a saterial systea recomsended. FNMC to provide structural loading requiresents.
24 Mar Composite vendor{s) to present progras plan to ARDEC.
N 01 Apr Forsal CPFF contract with not to exceed cap in place.
}:f # 01 fpr FMC to provide design envelope (define all tooling surfaces)
" 01 Apr to Sep 15 FMC designer available to cosposites vendor(s) [onsitel,
KQ{ 15 Apr Coaposite vendor(s) and FNC to explain process and QC plan
to ARDEC
20 hpr Cosposites vendor (s) order long lead itess
20 Apr Coaposites vendor (s) cosplete tooling design
# 15 Nay FAC and cosposites vendor (s) to agree upon cross-sectional

details necessary to seet weight, structural, and afg
requiresents. FMC to provide detailed engineering (but not
fabrication) drawings.
# 20 May to 01 Aug Coasposites vendor{s) fabricate parts. NDI only in suspect or high risk areas,

3 20 May Coapasites vendor (s} to recossend test site(s)

e 15 dun FAC to supply titanius bulkhead

e # 03 Aug to 15 Sep FNC coordinates structural testing. Composites vendor to
:vZ facilitate “repair® of any structural deficiencies.

w2 e

-
-
m

i\
¢
L} i
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IR
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4 t:

f]
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LTHD Disk 17, coeptrip, 02Mar87, 0100.
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